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Soils in Niger
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Abstract Experimentswereconductedon degraded
crustedsoilsto studywaterstatusandnitrogenrelease
in thesoil duringthedry seasonsof 1999atICRISAT
researchstationand on-farmduring the rainy sea-
sonsof 1999and2000in Niger.Zai is a technology
appliedon degradedcrustedsoil, whichcreatescon-
ditionsfor runoffwaterharvestingin smallpits.The
harvestedwateraccumulatesin thesoilandconstitutes
a reservoirfor plants.The organicamendmentapplied
in the Zai pits releasesnutrientsfor the plants.Soil
waterstatuswasmonitoredthroughweeklymeasure-
mentwith neutronprobe;accesstubeswereinstalled
for the purpose.Nutrientleachingwas measuredas
soil sampleswerecollectedthreetimesthroughoutthe
croppingseason.A rapidprogressof thewettingfront
duringthecroppingperiodwasobserved.It wasbelow
125em in theZai-treatedplots26 daysaftertherain
startedversus60emin thenon-treatedplots.Applying
cattlemanureleadsto shallowerwaterprofiledueto
increasedbiomassproduction.Total nitratecontent
increasedthroughoutheprofilecomparedtotheinitial
status,suggestingpossiblelossbelowtheplantroot-
ingsystemduetodrainage,whichwaslesspronounced
whencattlemanurewasapplied.This studyshowsthat
thesystemimprovessoil waterstatusallowingplants
toescapefromdryspells.However,atthesametimeit
canleadto lossof nutrients,particularlynitrogen.
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Introduction
Land andsoil degradationis one of themajor problems
facing agricultural production nowadays. Sundquist
(2004)reportedthat desertification along the Sahara
deset1proceedsatan estimatedareaof 1,000km2/year,
which is in line with the findings of the Global Land
Assessment of Degradation (GLASOD) (Oldeman
eta!.,1990),which reportedthat in Africa, 65% of the
cropland is degraded to some extent. In the Sahelian
zone, soil fertility restoration through the vegetative
fallow system is becoming ineffective due to popula-
tion pressure,which leads to shorter fallow periods or
simply to land abandonment (Amissah-Arthur et a!.,
2000).Experiencerevealedthat due to the mounting
population pressureand the limited availability of fer-
tile land, farmers in the desert margin are forced to
rely on marginalor degradedlands for agricuJtural
production.
Zai is one of the several techniques available for
the rehabilitation of marginal lands. The Zai is pre-
pared during the dry seasonas farmers dig small pits
in the soil to collect water, wind-driven soilparticles
andplantdebrisaroundtheplant.Abouttwo handfuls
(equivalento 300 g) of organic amendmentssuchas
millet straw.cattle manureor their compostedform are
addedtothepitsrightafterdigging (Roose et aI., 1993;
OuedraogoandKabore,1996).Nutrientreleasedfrom
amendmentaddedis usedbycropssown inthepit.The
soil excavatedfrom the pit is put down the slope of
the pit to act as watercatchmentarea.Likewise, runoff
water is collected in thepit to help theplantescapedry
spellsthatarefrequentin theSahel.
In Burkina Faso, it was found that on the zipele
(lateriticsoil) it is mostlythe hardpan that hinders
-
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Materialsand Methodswaterinfiltrationandalsolimitscropproduction.In the
Sahelof Niger,in additionto thecrust,soil fertilityis
alsoa limitingfactor(Hassan,1996;Rockstomet a!.,
1999;Fatondjiet a!.,2006).Underbothconditions,
breakingthecrustwouldincreasewaterinfiltrationand
deeppercolationfavouredby termiteholes.The Zai
techniquethuscombineswaterharvestingwith nutri-
ent managementpractices(Rooseet a!., 1992).The
main investmentrequiredby the technologyis man-
powerfor diggingtheZai holes,buttheworkis done
duringthedryperiodof theyearwhenthefarmerscan
investmoretimetoZai making.AccordingtoFatondji
eta!.(2006),Zaialleviatestheeffectof dryspellsdur-
ing plantgrowthandimprovesrainuseefficiencyby a
factorof 2 comparedtotraditionalflatplanting,effects
thatarenotonly dueto thewaterharvestingbutalso
due to the amendments,andcan be increasedwhen
usinghigh-qualityamendments.TheuseofZai enables
runoffwatertobecollectedinsmallwaterpockets.The
wateraccumulatesandinfiltratesin thesoilprofileand
constitutesa reservoirfor thecrop.The cropplanted
in theZai usesthenutrientsreleasedfromtheorganic
manureapplied.butthenutrientscanalsobe leached
intodeepersoil layers.However,noattemptshavebeen
madeto studythepatternof watermovementin the
profile in Zai-treatedplots and also to estimatethe
potentialnutrientlossesthatcan occur underthese
conditions.Therefore,experimentswerecarriedout
in theSahelianzoneof Niger,on-stationundercon-
trolledwatersupplyin 1999andon-farmat Damari
duringtherainyseasonsof 1999and2000to address
this problem.The objectiveof theon-stationexperi-
mentwasto determinetheoptimumapplicationrate
of organicamendmentsfor pearlmillet (Pennisetum
glaucum)productionas a functionof the type of
amendment.In the on-farmexperiment,we studied
resourceuseefficiencyof milletunderrainfedcondi-
tionsin theZai ascomparedtoplantingonflatsoil. In
thepresentchapter.theemphasiswill beonwatersta-
tusof thesoil throughouthecroppingperiodandthe
effecton possiblenutrientlossesthroughthestudyof
nitratecontentin thesoil profileatdifferentsampling
dates.
-
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SiteDescription
Theon-stationexperimentwasconductedundercon-
trolledwatersupplyatthelCRISAT researchstation
atSadore(13°15'N, 2° 17'E) in NigerfromMarch
to May 1999.Long-termaverageannualrainfallat
thissiteis 550mOl,whichfallsbetweenJuneand
September.Monthlytemperaturevariesbetween25
and41°C.The soilsareclassifiedas Psammentic
Paleustalf(Westeta!.,1984).It is acidicwithrela-
tivelyhighAl saturationandveryhighsandcontent
(TableI).Theexperimentwasconductedonafieldthat
hadbeensubjectedtoseverewindandwatererosion
foraperiodof4yearsandthathaddevelopedxtensive
erosioncrusts(CasenaveandValentin,1989).
Theon-farmtrialwasconducteduringtherainy
seasonsof 1999and 2000 at Damari(13°12'N
and2°14'E).Long-termaverageannualrainfalland
monthlytemperatureamplitudesatDamariaresimi-
lartothoseattheICRISAT researchstation.Thesoil
atDamaris classifiedas KanhaplicHaplustult(Soil
SurveyStaff,1998).It isacidic,with84%sandcontent
Table 1 Selectedinitial soil propertiesof theexperimental
fieldsatSadore.DamariandKakassi(0-20emsoildepth)
Soil characteristics Sadore Damari Kakassi
-
pH (H2O) 4.5 4.2 6.4
pH (KCI) 3.9 ., 3.9 5.4
Exchangeablebase(cmol/kg) 0.4 1.7 7.9
Exchangeableacidity(cmollkg) 0.7 1.1 0.04
ECEC" (cmol/kg) 1.0 2.8 7.9
AI saturation(%) 47 29 0
Basesaturation(%) 37 61 99
P-Bray I (mglkg) 2.3 2 O.S
C urg(%) D.I 0.2 0.2
TutalN (mgfkg) 120 116 169
Bulkdensity(kgfm) 1.5 1.6 1.8
Sand('Yo) 92 84 69
Silt(%) 3 :1 6
Clay ('Yo) 5 13 25
AdaptedfromFatondjictal.(2006)
"Effectivecationexchangecapacity
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and relativelylow effectivecationexchangecapacity
(ECEC). The vegetationwasanopenbushwith scat-
teredtrees.The selectedfieldhadbeenleft fallowfor
3 yearsprior to theexperiment.In additionto small
patchesof loosesanddeposits,whichwerecroppedby
the farmer,the field containedlargepatchesof bare
crustedsoil, which were selectedfor installingthe
experimentalplots.
ExperimentalLayout
On-station(atSadore)
Effectsof amendmenttype(milletstrawandcallie
manure)andrateofapplication(1,3,and5t/ha)ondry
matterproductionofmillet(P.glaucul11L. R.Br)were
evaluatedin Zaipitsundercontrolledirrigation.The
fieldwassprinklerirrigateduniformlythroughoutthe
growingperiodataweeklyrateof20mm,withatotal
of220mmofwaterappliedtoharvest.Theexperimen-
tal designwasa randomizedcompleteblockdesign
(RCBD)withfourreplications.Thecontroltreatment
wasanon-amendedpit.A localmilletvariety"Sadore
local"(120daysgrowingcycle)wassownon17March
andthestoverharvestedon25Maybeforegrainpro-
ductionnotonlytoavoidinterferenceof rainwiththe
treatmentsbutalsoduetothephotosensitivityof the
crop.Zaiholeswereduginalltheplots.
On-farm
Effectof plantingtechnique(plantingon fiatversus
plantinginZaipits)andamendmenttype(milletstraw
andcattlemanure)on milletyieldwasstudiedfor
-
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over 2 years.In bothyears,theexperimentaldesign
wasanRCBD withfourreplications.Thecontrolplots
receivedno organicamendment.The millet variety
"Sadorelocal" wassownon 29June in 1999and26
June in 2000andharvestedatmaturity.On-stationas
well as on-farmplantingdensitywas 10,000pock-
ets/haandthecropthinnedto threeplantsperpocket
approximately3 weeksafterplanting.
In bothyears,rainstartedtowardstheendof June
(Fig. Ia andb). Cumulativerainfallwas499 mmin
1999and425mmin 2000,whichwasbelowthelong-
termaverageof 550mm.The samefieldwasusedin
bothyears;thereforethepitsdugin 1999wereusedfor
2000butrenewed.
Data Collection
SoilmoistureprofilesweremeasuredweeklyatIS-cm
intervalsdownto 240cm depthusinga Didcot
neutronprobe(DidcotInstrumentCompanyLimited,
Wallingford,UK) startingfromthedayof planting.
Thefirstmeasurementwasdonebeforethefirstirri-
gationorrainfall.Forthatpurpose,two48-mminner
diameteraluminiumaccesstubeswereinstalledin
eachplot,onetubebetweenthepocketsandtheother
onthepocketclosetotheplant.
Thedepthof theshallowesttubewasrestrictedto
45cmduetothepresenceofalateriticlayer,whilethe
deepestreached300cm.Theprobehadbeencalibrated
in situfor thesoilsof theexperimentalsitesapply-
ingthegravimetricmethod.Dataofthetubesinstalled
betweenthepocketsarereportedinthischapter.
Fromtheneutronprobedata,thevolumetricsoil
watercontentwascalculated.It is expressedhereas
(b) Damari2000
Fig. 1 Rainfall patlematthe
experimentalsite in two
seasonsof 1999and 2000
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dimensionlessratio(cm3Jcm3).In thesameexper-
iment,amendmentdecompositionwasstudiedwith
litterbagsandrelatedsamplescollectedthreetimes
duringthecroppingperiod.Alongwiththesesam-
ples,soil sampleswerecollectedtoestimatenitrate
content.Foreachsampling,themaximumdepthwas
determinedinaccordancewiththeprogressofthewet-
tingfront.Thelevelof theprofilewettingfrontwas
determinedasa functionof soil watercontentin a
givenlayeratagiventimeofmeasurementcompared
to its levelbeforetherainor irrigationstarted.The
sampleswerecollectedin threereplicationsoutof
four.Priorto installationof theexperimentin 1999,
on-stationsoilsampleswerecollectedtoevaluatethe
initialstatusof thesoilwithregardtonitratecontent.
Samplecollectionwasdonewithanaluminiumtube
of7.5cmdiameter.Theywerecollectedin/onthehole
orthepocketaftertheplantshadbeenremoved.From
o to 20 cm,samplesweretakenat 10-cminterval.
Below20cm,samplesweretakenat20cmincrement.
Thesampleswerekeptinsealedbagsandstoredin a
freezeruntiluse.
Nitratecontentwasdeterminedsemi-quantitatively
usingnitrateteststrips(Reflectoquant)andanRQflex
reflectometeras describedby MerckKgaA (64271
Darmstadt,Germany).KCI solution(50ml)wasadded
to 70 g of soil sampleandthemixtureshakenfor
10min.A sub-sampleof themixturewasputin a
testtubeandlefttoelutriate,andthenthenitratecon-
tentwasread.Theteststripshavetworeactionzones,
whichturnred-violetoncontactwithsolutionscon-
tainingnitrate,andthecolourintensitydependson
thenitrateconcentration.To convertthereadinginto
nitrateN, thevaluesobtainedmustbemultipliedby
0.226.Atharvest,cropyielddatawerecollected.Total
drymatterforbothon-farmandon-stationexperiments
aswellasseeddryweightandharvestindex(on-farm
only)wasestimated.
ResultsandDiscussion
RainfallPatternin BothRainySeasons
at theExperimentalSite- As mentionedarlier,inbothyears,rainfalls tarted
on-farmin June.In 1999,thefirstimportantrainfall
eventoccurredon28thJune(Fig. I). Thecumulative
--"-- - --
rainfalltoplantingwas60mm.Thirty-foureventswere
recordedoutof whichninewereabove20mm,giv-
ing57%of thetotalrainfall.In 2000,therainstarted
earlierwithsmallerrainfallevents.Thefirstimportant
rainwithwhichcropswereplantedoccurredon25
June.Thecumulativerainfalltoplantingwas38mm.
A totalof 30eventswererecordedoutofwhichseven
wereabove20mm,giving48%of thetotalrainfall.
Thisyearwasalsocharacterizedbytwodryspellsof
whichthefirstof 9 daysoccurreduringgrainfill-
ingattheendof Augustandthesecondof 14days
atthebeginningofSeptember.Thisshowsbetterain-
fall distributioni 1999thanin2000,butalsohigher
cumulativerainfallin 1999.
On-stationUnderControlledWaterSupply
Effect of AmendmentType and Rateon Soil
Profile Wetting Front
Figure2 presentshewettingfrontontherespective
datesof soil sampling,whichwasdonepurposelyto
studytherelationbetweentheprogressof thewetting
frontandpotentialnutrientlosses.
In all treatments,hewettingfrontwasbelowor
closeto200cm36DAS(daysaftersowing).Figure2
indicatesarapidprogressfavouredbythebreakageof
thesoilcrustbutalsothesandyloosestruetureof the
soilonthestation.AccordingtoFatondjieta!.(2006),
thesandcontentof theexperimentalsoil was92%
with5%clay.Undersuchconditions,Fatondji(2002)
observed70%drainageof 220mmirrigationapplied
during72days.Undersimilarconditions,Rockstom
eta!.(1999)alsoobservedinfiltrationratesranging
from 15to 182%of individualrainfallsdepending
uponthemeasurementpositionon a toposequence
of 1-3%slope.Thewettingfrontwasstill closeto
200cmatharvestinalltreatmentsexceptformanure-
treatedplots,particularlythelargestrateofapplication
(5 t/ha)wherethefrontwasaround60cmdeepat
harvest.Thiscouldbeduetoincreasedwaterconsump-
tionunderthistreatmentbecauseof higherbiomass
production.Accordingtoyielddatacollectedin this
experiment,5 t/haof manureproducedthehighest
yieldof 4,500kg/hatotaldrymatter(Fatondjieta!.,
2006).
-
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Fig. 2 Effect of amendmenttype and rate of application on soil wetting front; Sadon' off-season 1999. sed. standarderror of
differencebetweenmeans;c.residue.crop residue
On-farmExperiment
Effectof Planting Techniqueon Soil Profile
Wetting Front
In all casesin 1999.thewelling frontwasalready
below 200 cm on the day of planting in the Zai-
treatedplot(Fig.3a.c ande).whichconfirmsthetrend
observedon-stationunderthesameconditions.whiIe
thewettingfrontwasshalloweron thesamedatein the
non-Zai-treatedplots(Fig. 3b.d and0.
The resultsindicatethatdespitethesandystructure
of theexperimentalsoil.breakingthesurfacecrustand
diggingthepitswashighly favourablefor waterinfil-
trationcomparedto theflattreatment.Volumetricsoil
watercontent(VWC) wasstill veryhighatthedeeper
layerin theZai thanin theflateventowardstheend--
of theseason.In 1999.in theZai control.for instance,
at200cmdepth.VWC was0.084cm-'/cm'compared
to theinitial levelof 0.060cm'/cm'. while in theflat
control,it was0.059cm-'/cm'comparedto theinitial
\evelof 0.055cm'/cm'. The sametrendwasobserved
in 2000butit waslesspronounced(Fig.4).
Effectof AmendmentTypeon Soil Profile
Wetting Front
In both years,soil waterprofile was shallowerin
the manure-treatedplots than the other treatments.
Towardstheendof thecroppingseason,in theZai as
well ason flatwith callie manure,soil watercontent
decreasedsignificantlycomparedto plotstreatedwith
milletstraw,indicatinghighwaterconsumptionof the
-
- - - - -
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cropdueto increasedbiomassproduction.Fatondji
et al. (2006)reportedrainwateruseefficiencyof
8 kg/mmin manure-treatedplotversus2 kg/mmfor
milletstrawonaveragecalculatedontotaldrymatter
basisundersimilarconditions,whichwasaccom-
paniedby highyield.Particularlyin non-Zai-treated
plotsamendedwithcattlemanure,thewettingfront
remainedat60cmduringthewholegrowingperiod,
whichis dueto notonlythepresenceof crustthat
hampersinfiltrationbutalsoincreasedcropuptakeas
reportedby Payneet al. (1996)andZaongoet al.
(1997),whofoundthatmanureapplicationi creases
soilwateretentionandfavoursrootdevelopmentand
wateruptake.All theseresultedin increasedcrop
yield.
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Effectof AmendmentType and Rateof
Application on Nitrate Content in the Profile
Comparedto theinitialnitratecontentin thepro-
file,nitratelevelincreasedinalltreatmentsduringthe
growingperiodbutmorein plotswithcropresidue
(Fig.5). In theseplots,thelevelincreasedatdeeper
layer,whichpresumespossiblelossbeyondtherooting
depth.Nevertheless,in all treatments,nitratecontent
wasclosetoor lessthantheinitiallevel,particularly
in themanure-treatedplots,whereit is observedthat
below60cmintheprofile,nitratecontentwaslower
thantheinitiallevelafter67 daysof plantgrowth,
indicatingnotonlyincreasedcropuptakefollowing
increasedbiomassproductionbutalsopossibleper-
colationindeeperlayerthatwascompensatedforby
nitratemovementforupperlayers.Theobservedtrend
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confirmsthefindingsof Addiscotetal. (1991),who
reported5 kglhanitrogenuptakein a fast-growing
crop.
Effectof PlantingTechniqueonNitrateContent
intheProfile
Nitratecontentinthesoilof theZai-treatedplotswas
lowerthanthelevelobservedin flatplantedplots.
Possiblereasonfor thiscouldbedeeperpercolation
duetowaterharvestedinthepitsasopposedtotheflat
plantingconditions.As reportedearlier,waterinfiltra-
tionandpercolationbeyondtherootingzonewasvery
fastin theZai,whereasweobservedthatonflat,the
wettingfrontwasshallowerthroughoutthegrowing
period.Undertheseconditions,nitratelossesthrough
drainagehavealsooccurred(Fig.6b,dandf) butina
limitedproportion,whichcouldexplainthehighcon-
centrationof nitrateobservedin themeasuredprofile,
particularlyindeeperlayers.
TheoverallowlevelofnitratecontentintheZaipit
couldalsobeduetobetterplantdevelopmentandthe
resultingincreasedplantnutrientuptake,particularly
intheplotsamendedwithcattlemanure.Fatondjietal.
(2006)reported3-4 timesgrainyieldincreaseandN
andP uptakeimprovementi therangeof43-64and
50-87%,respectively,duetoZaiapplicationi similar
conditions.
EffectofAmendmentTypeonNitrateContent
in theProfile
In Zai-treatedplots,nitratecontentin theupperlayer
wasslightlyhigherorsimilartotheinitiallevelinthe
controlaswellasin plotswithcropresidue.Nitrate
contentwashigherin manure-amendedplotsin the
samelayer.In deeperlayer,nitratecontentincreased
slightly,particularlyundercropresidue,comparedto
theinitiallevel.Thiswasmorepronounced3 months
afteramendmentapplication,whilein theplotswith
cattlemanureit wasrelativelylow throughoutthe
croppingseason.Thiscouldbeduetoincreasedcrop
uptake.
In non-Zai-treatedplots (tlat), nitratecontent
remainedhighin lowerlayersattheendof thecrop-
pingperiodcomparedto theinitiallevelunderall
amendmentmanagementpractices.
... -
Thetrendobservedwithregardtosoilwaterpro-
fileandnitratecontentindicatesthatfollowingcrust
breakingwiththeZaipits,waterinfiltrationincreases.
Therefore,waterpercolatestodeeperlayerintheZai-
treatedplots.Thiswatercouldrechargethewatertable.
To improvesoil fertilityandplantgrowthandyield,
organicamendmentwasappliedin theZai,butpart
of thenutrientsreleasedby thisamendmentmaybe
drainedtodeeperlayerandpossiblynotavailableto
thecrop.Nevertheless,notall butsmallproportion
of thisnutrientmaybelostasreportedbyAddiscott
(1996),whoobservedthat6-8%of nitrogenapplied
ata rateof 190kg/hawaslostbyleachingin winter
wheatexperiment.Eventhoughthisexperimentwas
notconductedundersimilarconditionwiththeactual
study,itdoesgiveanindicationofthepotentialloss.In
plotsamendedwithcattlemanure,thecropsdeveloped
higherbiomass;therefore,waterandnitratelosses
werelimitedbutnotprevented.AccordingtoFatondji
etal.(2006),4,500kglhaof drymatterwasproduced
on-stationand5,000kg/hawasproducedon-farmwith
cattlemanurein theZai in 1999and3,000kglhain
2000,whichhasresultedin highernutrientuptake,
limitingpossiblelossofnutrientbydrainage.
Conclusion
.,
From the aboveresultsand discussion,the follow-
ing conclusionsare made. Zai technologyoffers
numerousadvantageswith regardto rehabilitationof
degradedlandandalsofacilitates ustainablecropping
on marginallands.Studieshaveshownthatthemost
importantbenefitslie in the water-harvestingfeature
andalso theconcentrationof nutrientsin therooting
zoneof crops(applicationof manureinZai pit),which
may favourcroprootdevelopmentandhenceyield
increase.Resultsfurtherindicatedthatsurfacecrust
breakageimproveswaterharvestingintheplantingpits
which laterpercolatesto deeperlayertogetherwith
partof the nutrientapplied,particularlythe mobile
formsof nitrogenlike nitrate,which whenin excess
can becomea pollutantto the undergroundwater.It
is also concludedthatplantuptakedue to increased
vegetativemasscanlimit thispercolation.The results
of thestudyenableto makea recommendationthat
amendmentsappliedshould be of good quality to
drawthebestfromthetechnologyandreducenutrient
-
-
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lossesdue to improvedplantwateruptakeresulting
f'romincreasedvegetalivegrowth.Underexperimen-
tal conditions.waleI'harvestingthroughtheuseof'1-ai
technologyis necessaryto proviueandslorewaterin
the soiI f'orcrop use.as it was shownIhat in plols
amenuedwith manureand not treatedwith Zai. thc
welling f'rontwaslimitedto 60 cm.This wouldavoid
shortageof'waterf'ortheplantsdue[0dry spellsthat
areconlll1onduringthegrowingseasonin theSahel.
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